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Abstract 
Background: To determine the relationship of 
delay in management of supracondylar fracture of 
humerus with reduced mobility of the joint.  
Methods:  In this descriptive study patients with  
isolated fracture of supracondylar of humerus 
without any associated trauma, were included.  They 
were classified into groups according to Gartlands’ 
classification based on antero-posterior and lateral 
view Xrays of the affected elbow joint. Patients were 
called for follow up 4,8 and 12 weeks after removal 
of backslab and Kirschner wires.  
Results: Mean age of presentation for fractures of 
supracondylar of humerus was 5.67±2.064 years with 
fracture occurring predominantly in males. Out of 
the 32 patients who sustained Gartland type III 
fractures, only 8(25%) patients were managed by 
closed reduction and internal fixation. In 28(75%) 
patients, open reduction and internal fixation had to 
be done. Mean delay time for treatment in type-I and 
type-II fractures was 2.86±2.25 and 2.56±1.42 days 
respectively. Gartland type-III injuries had a delay 
between injury and surgery of 4.88±2.95 days. Range 
of motion was more reduced in flexion angle as 
compared to extension, supination and pronation.  
Conclusion: An inverse relation was found 
between delay in presentation and range of motion. 
Increase in delay to seek optimal treatment is 
associated with a reduction in range of movement at 
the supracondyle of humerus. In Gartland type III 
fractures, open reduction had to be done to achieve 
satisfactory results in most of the patients who 
presented after a delay of more than 3 days. Follow 
up of the patients showed an improvement in 
mobility of the joint in the postoperative period but 
role of physiotherapy in achieving maximum 
mobility has not been determined yet. 
Key Words: Supracondylar fracture of humerus, 
Range of motion, Pediatric fractures, Open reduction  
 
Introduction 
Supracondylar fractures are the commonest fractures 
in children under the age of 10 years.It is a painful 
injury for the patient not only because of the 
associated complications but also due to the limitation 
in range of motion which may also arise 
postoperatively. 
Competitiveness and broad range of activities in 
children have increased the incidence of extremity 
traumas in pediatric age group.1   There are several risk 
factors that have been identified which further 
predispose to fractures in children. These risk factors 
include genetic makeup, low weight at birth, 
malnourishment and poor living conditions.290% of 
the fractures in children comprise of upper limb 
fractures,out of which majority of the fractures affect 
elbow.3 Commonest cause of these elbow fractures was 
attributed to fall.4 Supra condylar fractures account for 
75% of the elbow fractures.5Patients present with 
edema of the elbow joint, limitation of movement and 
they may have disfigurement.2 The incidence of 
fractures of supracondyleof humerus is higher in boys 
as compared to girls.6Neurovascular complications, 
compartment syndrome and malunion are few of the 
complications that have been associated with the 
elbow fractures.7The classification of supracondylar 
fractures is according to Gartland's system based on 
which only the type III fractures require surgical 
treatment whereas type I and II can be managed 
conservatively.8,9 Closed reduction with K wires is the 
preferred management procedure done in the 
paediatric age group. Delay in presentation after the 
trauma has been seen to increase the chances of open 
reduction and internal fixation for the supracondylar 
fractures.10This delay in operative management maybe 
due to late presentation of the patient to the hospital or 
limitation of resources. Initial treatment by quacks or 
temporary therapeutic management at small medical 
centers may also result in delayed presentation.11More 
delay has been observed in developing countries as 
compared to developed nations.12Patients who are 
operated upon after much delay were reported to have 
poorer results post operatively.13 
We carried out this study to determine the effect of 
delayed treatment on the range of motion in 
supracondylar humeral fractures in the pediatric aged 
group patients.  
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Patients and Methods 
This prospective, conveniently sampled, cohort study 
was conducted in the department of orthopaedics, 
Benazir Bhutto Hospital, Rawalpindi from 4thMarch 
2015 to 3rdMarch 2016. Inclusion criteria was all 
patients aged upto 15 years having a radiologically 
confirmed isolated supracondylar fracture of humerus. 
Patients with open fracture, burns, bilateral 
supracondylar humerus fracture, associated 
neurovascular injury, multiple fractures and those 
receiving definitive management in some other 
hospital were excluded from the study. Those who 
met the inclusion criteria, consent was taken from their 
parents or guardians. Demographic and clinical 
information entered into a structured questionnaire. A 
lateral view of an x-ray centered at distal humerus, 
and a true antero-posterior view of the involved elbow 
were used to categorize patients according to Gartland 
classification. Undisplaced fractures were managed in 
a back slab while those having displaced fractured 
were admitted and underwent either closed or open 
reduction (CRIF/ORIF) with kirschner wires. All 
patients were given a complete follow-up plan. 
Patients were reviewed at the orthopaedic outpatients’ 
clinic three weeks later for either removal of back slab 
or kirschner wires. Elbow angle of immobilization was 
then measured. This angle in which the elbow was first 
immobilized was correlated with the rate of elbow 
range of motion (ROM) restoration. Patients were 
followed up to 12 weeks from initial presentation. The 
range of motion (ROM) was measured, on the day of 
back slab removal, and thereafter, every 4 weeks up to 
12weeks for each patient. The measurements of elbow 
ROM were performed using standardized methods. 
With the forearm in neutral position, the elbow was 
placed in the angle at which the joint was 
immobilized. Using gentle active ROM, the limit of 
flexion, extension, forearm supination and pronation 
were measured using plastic goniometer. To measure 
flexion and extension, the goniometer was centered at 
the distal humerus, which represents the approximate 
axis of elbow flexion–extension. The arms of the 
goniometer were aligned parallel to the humerus and 
the forearm, respectively (Fig. 1).   To determine the 
extent of maximal forearm rotation, the arm was 
immobilized against the chest wall, and the elbow was 
placed in the position of immobilization. The neutral 
position was defined as the position at which the 
extended thumb (pointer) had aligned with the 
humerus. One arm of the goniometer was made 
parallel to the radially abducted thumb (pointer), and 
the other arm remained exactly vertical (Fig. 2). Active 
ROM was recorded as the maximum number of 
degrees the joint moves in each direction. All the 
measurements were performed by the same 
researcher. The mean and standard deviation of elbow 
ROM in each direction at the day of back slab removal 
and at 4-week interval were calculated. During the 
study all patients were encouraged to attend 
physiotherapy sessions after back slab and or pin 
removal. At the end of the proposed follow-up period, 
patients were divided into two groups of attending or 
not attending physiotherapy. The patients were also 
encouraged to do daily elbow active ROM at home as 
pain allows. T-test and χ2 tests were used to calculate 
the significance of determined results, 95% confidence 
interval and P value <0.05. Results were presented in 
form of tables and bar graphs.  
 
Fig 1 :Measurement of elbow ROM (Flexion – Extension) 
  
 
Fig 2 :Measurement of elbow ROM (Supination – 
Pronation) 
Results 
This study included 55 patients with supracondylar 
humerus fracture who were followed for 12 weeks 
after treatment. Mean age was 5.67±2.064 (Table 1). 
This study included 32 (58.18%) males and  23 
(41.82%) females. 14 (25.45%) patients had Gartland 
type-I injury, 9 (16.36%) type-II and 32 (58.18%) with 
type-III fracture (Table 2). 29 (52.72%) had 
involvement of left elbow whereas 26 (47.27%) 
presented with right elbow fracture (Table 3). As 
patients were grouped according to severity based on 
Gartland classification, so they were managed 
accordingly (Table 4). Gartland I and II fractures were 
treated non-operatively, while type-III fractures were 
either managed by closed reduction internal fixation 
(CRIF) or open reduction internal fixation (ORIF). 25% 
cases of Gartland type-III were managed by CRIF 
whereas 75% with ORIF. Mean time for treatment in 
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type-I and II fractures was 2.86±2.25 and 2.56±1.42 
respectively. Gartland type-III injuries had a mean 
interval between injury and surgery of 4.88±2.95 
(Figure 1). Serial measurements of elbow flexion, 
extension, supination and pronation were done at 4, 8 
and 12 weeks after backslab or kirschner wire (k-wire) 
removal.   
Flexion angle was most markedly reduced, with a 
median recovery of only 63% of the expected normal 
range by 12 weeks post-treatment. The range of 
motion (ROM) reached >90% of normal ranges in 
extension, supination and pronation.While the ROM 
(flexion-extension) improved from 4 to 8 weeks , and 
from 8 to 12 weeks, the incremental change was 
greater in the early interval [median  (IQR) 24⁰] than in 
the late interval [median  (IQR) 6⁰], p<0.0001]. 
Similarly, the improvement in the ROM (supination-
pronation plane) was greater from 4 to 8 weeks of 
kirschner wire (k-wire) and or backslab removal  
[median (IQR) 8⁰] than from 8 to 12 weeks post-
treatment [median (IQR) 1⁰, p<0.0001]. Thus, the rate 
of improvement in ROM restoration tends to decrease 
over time, a non-linear decelerating time course of 
improvement. Delayed surgical management was 
associated with reduced range of motion at 12 weeks 
post cast or k-wire removal. There was a significant 
inverse relationship between the time from injury to 
definitive management and the range of motion (in the 
flexion-extension axis) at 12 weeks (Figure 2). 
Assuming a linear relationship between the variables, 
for each additional day of delayed surgery, there was 
a reduction in ROM (flexion) at 12 weeks of 1.9⁰ 
(p<0.005). The relationship between delay in 
management and reduced ROM was primarily among 
patients undergoing ORIF (p=0.040). No significant 
relationship was seen between timing of non-operative 
management and outcome among patients with 
Gartland type-I. II injuries. 
Table 1: Age statistics 
 Mean Standard 
Deviation 
(S.D) 
Minimum Maximum 
Age 
(n=55) 
5.67 2.064 3 11 
Table 2: Gender distribution according to 
Gartland type 
  Gartland Type Total 
(n=55) I II III 
 
Gender 
Male 9 5 18 32 
Female 5 4 14 23 
Total (n=55) 14 9 32 55 
Table 3: Distribution of elbow involvement 
according to gender 
 Side of injury Total 
(n=55) Left Right 
 
Gender 
Male 18 14 32 
Female 11 12 23 
Total (n=55) 29 26 55 
 
Table 4: Gartland type and management 
 Non-
Operative 
CRIF ORIF Total 
(n=55) 
 
Gartland 
Type 
I 14 0 0 14 
II 9 0 0 9 
III 0 8 24 32 
Total (n=55) 23 8 24 55 
 
 
 
Figure 3: Gartland type and management 
 
Table 5: Percentage of recovery in range of 
motion [Median (IQR)] 
 4 weeks 8 weeks 12 weeks 
Flexion 18%  
(0-22) 
47% (41-51) 63%  
(55-68) 
Extension 66% (60-80) 84% (72-91) 92%  
(83-100) 
Arc Flexion-
Extension 
(FE) 
42% (30-51) 66% (57-71) 78% 
 (69-84) 
Supination 101% (100-
103) 
111% (110-
113) 
112% (110-
113) 
Pronation 87% (78-93) 92% (85-96) 93% 
 (86-100) 
Arc 
Supination-
Pronation (SP) 
94% (89-98) 102%(98-105) 103%(98-107) 
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Figure4:Elbow- Range of movement  
 
Discussion 
Delayed treatment of dislocated elbow joints is very 
common.14-20Elbow fractures which present two days 
after the injury has occurred are termed as late 
presentations.21,22This may be attributed to delay in 
seeking medical attention due to poor transport 
facilities and unsatisfactory health delivery system or 
neglect on part of medical staff and overcrowding of 
emergencies. Patients’ lack of awareness and 
approaching quacks for initial treatment further 
disposes to the delay in proper management of these 
fractures.11, 14-17Patients also present with edema the 
cause of which maybe due to improper attempt at 
healing by a quack. In these cases it becomes essential 
to reduce the swelling before appropriate management 
is done. 
Fractures of elbow in children need to be managed as 
early as possible. These fractures differ from other 
injuries in children because of the high vascularization 
of elbow which leads to quick healing therefore 
allowing only a short period of time for the proper 
management of the fracture that will lead to full 
recovery.23Significant soft tissue injury is associated 
with fractures of supracondyle of humerus.24 Isolated 
fractures of elbow without any other injuries 
associated with it show better results.25 
Fractures and dislocations of elbow joint are followed 
by reduced range of motion which is quite a common 
complication associated with these fractures.26Better 
range of motion and decrease in occurrence of cubitus 
varus can be achieved if diagnosis of fracture is made 
early and treated aggressively.27 
Charlotte et all observed that at least 33% of all 
children under the age of 17 years sustained a 
fracture.24Most of the children presenting to 
orthopedic ward with supracondylar fractures were 
under 10 years of age with peak incidence of 
occurrence of these fractures between 5-7 years.2These 
results were comparable to our study in which the 
mean age of supracondylar fractures was found to be 
5.67±2.064. Andrew J. Mitchelson found this peak 
incidence to be from 5-6 years.28 
A total of 55 cases were included in our study out of 
which 32(58.18%) were male patients and 23(41.82%) 
female patients. Sahu RL carried out a similar study in 
which the male to female ratio of occurrence of 
supracondylar fracture was found to be 57.05: 
42.95.29In a previous study, 57 patients were males and 
43 were females.30 
Our study showed that Gartland type III fractures 
were the commonest with an incidence of 58.18% 
followed by type II fractures which occurred in 16.36% 
of the patients. Gartland type I fractures were 
sustained by only 25.45% of the patients. J. Mangwani 
et al obtained similar results which were comparable 
to ours with 56% of the patients with Gartland type III 
fractures and 25% of the patients with Gartland type II 
fractures.31 
Dost et al showed that non dominant arm was more 
commonly affected with 62% patients sustaining 
fracture of left supracondyle of humerus as compared 
to 38% patients who had injury to the right 
supracondyle.32 29 (52.72%) had left supracondylar 
humeral fracture whereas in 26 (47.27%) patients right 
supracondyle was affected according to our results. 
Similar results were obtained by Farnsworth who 
reported more common fracture to the humeral 
supracondyle of nondominant limb.33 
Devnani observed an average delay of 5-6 days 
between time of injury and presentation to emergency 
for appropriate management in the studies carried out 
by him.34In our studies, we observed the mean time to 
be was 2.86±2.25 and 2.56±1.42 for type I and type II 
Gartland’s fractures respectively. It took 4.88±2.95 
days on average to seek medical help in Gartland 
fractures type III. It has been shown in figure 1 that 
patients who had Gartland type I fracture presented to 
the orthopedic department with a maximum delay of 5 
days and those with Gartland type III fractures 
presented with a delay of 10 days.Our results were 
similar to the results of a study by Abdullah et all.10 A 
study by Waikhom S et al in 2016 showed that delay in 
presentation to hospitals for treatment ranged from 2 
to 14 days with an average of 7.5 days.35 
As yet, no standard guidelines have been set for the 
management of delayed presentation of supracondylar 
fractures of humerus in children.36For Gartland type I 
and II fractures, nonoperative management was done 
whereas closed reduction internal fixation and open 
reduction internal fixation were employed for type III 
fractures as the classification of these fractures was 
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based on their severity. Closed reduction was not 
found to be appropriate management option after a 
delay in presentation of 3 days.37 
Delay in reduction resulted in open reduction in most 
cases.38, 39In a study carried out by Ozgur AY et al40, it 
was seen that with a delay of 5 hours after 15 hours of 
injury, there was an increase of 4 fold in management 
of supracondylar fracture by open reduction and 
internal fixation(ORIF) instead of close reduction. Late 
presentation increased the rate of Open reduction from 
3% to 46%.41-44Our study showed that only 25% of the 
patients with Gartland type III fracture underwent 
closed reduction and internal fixation. For the 
remaining 75%, open reduction and internal fixation 
had to be done. 
Delay in management of supracondylar fracture 
results in fibrosis of the joint. This stiffness which is 
present preoperatively might have some effect on the 
postoperative results.45Open reduction and internal 
fixation is not without its consequences. There is 
increased incidence of infections and disfigurement 
when open reduction is performed.4,46Increased 
incidence of elbow stiffness was observed in patients 
after their fracture was reduced by open reduction 
approach.22,47Stiffness associated with open reduction 
was not found in patients treated by closed reduction 
and internal fixation.22Limited mobility of injured  
humeral joint and prolonged immobilization post 
operatively also causes stiffness of the joint leading to 
decrease in range of movement.23, 48-50 
Approximately, one month is required to achieve full 
range of motion that is comparable to the pre fracture 
state.51,52Range of motion showed maximum 
improvement in extension, supination, pronation and 
absolute relative arcs of motion in our study with 
greater than 90% of the original range of motion 
regained 12 weeks postoperatively. The rate of this 
improvement in ROM was more from 4 -8 weeks 
observed when follow up at 4 weeks and 8 weeks was 
done but decreased between 8-12 weeks at 12 weeks 
follow up. Flexion showed least improvement with 
return to range of movement that was only 63% of the 
original range. After removal of the back slab, the 
recovery of flexion angle was found to be minimum.53 
Figure 2 shows that greater delay in operative 
management was associated with an increase in 
restricted range of motion at 12 weeks follow up. 
It was observed that patients undergoing 
physiotherapy had a more rapid improvement in 
range of motion when follow ups were done a few 
weeks after operative management although this 
difference was not found to be significant on follow up 
done a year after fracture management.23Nash54and 
Keppler55concluded from their studies that 
physiotherapy and early mobilization not only 
resulted in increased rate of regain of original range of 
motion but also decreased the occurrence of 
complications. 55 Sanjib et al stated that exercise caused 
an improvement in ROM at 1 year follow up.35Further 
work needs to be done to determine the role of 
physiotherapy and its effectiveness in improving the 
flexion angle postoperatively.  
Conclusion 
1. There is a significant relationship between delay in 
treatment of pediatric supracondylar humeral 
fracture and reduction in range of movement.  
2. Reduced range of motion was maximum in the 
patients who were treated with open reduction 
and internal fixation.  
References 
1. Kocher MS, Walters PM, Micheli LJ. Upper extremity injuries in 
the pediatric athletes. Sports Medicine. 2000;30(2):117-35.  
2. Arora R, Fichadia U, Hartwig E, Kannikesnaran N. Pediatric 
upper extremity fractures. Healio. 2014;43(5):196-204. 
3. Dabis J, Daly K, Galfer Y. Supracondylar fractures of humerus in 
children: Review of management and controversies. Orthop 
Muscular Syst 5:206. 
4. Alam W, Rehman SU, Jan R. Outcome of open reduction and 
internal fixation of supracondylar fractures of humerus in 
children. Pak J Surg. 2014; 30(2): 146-49.  
5. Omid R, Choi PD, Skaggs DL. Supracondylar humeral fractures 
in children. J Bone Joint Surg Am. 2008; 90(5): 1121-32. 
6. Landin LA, Danielsson LG. Elbow fractures in children: An 
epidemiological analysis of 589 cases. 
ActaOrthopaedicaScandinavica.1986 ;57(4): 309-12.  
7. Brubacher JW, Dodds SD. Pediatric supracondylar fractures of 
the distal humerus.Curr Rev Musculoskelet Med. 2008;1(3-
4):190–96. 
8. Cekanauskas E, Degliūte R, Kalesinskas RJ.Treatment of 
supracondylar humerus fractures , according to Gartland 
classification. Medicina (Kaunas), 2003;39(4):379-83. 
9. Abzug, Joshua M, Herman, Martin J. Management of 
supracondylar humerus fractures in Children.American 
Academy of Orthopaedic Surgeons.2012 
10. Ozgur AY, Sema VU, Fuad OO. Timing of surgical treatment for 
type III supracondylar humerus fractures in pediatric patients. J 
Child Orthop. 2009;3(4): 265–69. 
11. Abdullah E, Melih G, Bulent E. Delayed surgical treatment of 
supracondylar humerus fractures in children using a medial 
approach. J Child Orthop.2008; 2(1): 21–27. 
12. Virsha M. Neglected lateral condyle injuries .In proceedings of 
CME at 54th Annual conference of the Indian Orthopedic 
Association 2009. Bhubaneswar India.  5-6. 
13. Shabbir AD, Tahir AD, Sharief AW. Delayed operative 
management of fractures of the lateral condyle of the humerus. 
Malaysian Orthopedic Journal. 2015;9(1):18-22.  
14. Seth M, Flores M. Management of neglected dislocation of elbow. 
Indian J Orthop. 1986;20:177-81. 
15. Bhattacharya D. Open reduction for old unreduced posterior 
dislocation of the elbow- a review of results. Indian J Orthop. 
1979;13:34-38. 
16. Bruce C, Laing P, Dorgan J, Klenerman L. Unreduced dislocation 
of the elbow : case report and review of the literature. J Trauma. 
1993;35:962-65. 
17. Gill S, Dhillon M, Gupta R. Neglected elbow dislocation in 
children. Indian J Orthop. 1997;31:193-95.  
Journal of Rawalpindi Medical College (JRMC); 2017;21(1): 51-56 
 56 
18. Devnani AS. Outcome of longstanding dislocated elbows treated 
by open reduction and excision of collateral ligaments. 
Singapore Med J. 2004;45:14-19. 
19. Mehta S, Sud A, Tiwari A, Kapoor SK. Open reduction for later 
presenting posterior dislocations of the elbow. J OrthopSurg( 
Hong Kong). 2007;15:15-21. 
20. Srivastava K, Bhattacharya AN. Dislocation of elbow. Indian J 
Orthop. 1969;3:46-54.  
21. Tiwari A, Konjia R.K, Kapoor S.K. Surgical management of late 
presentation of supracondylar humeral fracture in children. J 
OrthopSurg (Hong Kong). 2007;15(2):177-82. 
22. Yarkreh J, KoudouOT, Tembely J,Dieth AG. Delayed treatment of 
supracondylar elbow fracture in children. Orthopedics and 
Traumatology, 2012;98(7):808-12. 
23. Tamai J, Lou J, Nagda S, Ganley T, Flynn JM. Pediatric elbow 
fractures: pearls and pitfalls. The University of Pennsylvania 
Orthopedic Journal. 2002;15:43-51.  
24. Charlotte Julie Marion Vigneron. Supracondylar humeral 
fracture in the pediatric population : role of physiotherapy 2014.  
25. Kaziz H, Naouar N, Osman W, Ayeche MLB. Outcomes of 
pediatric elbow dislocations. Malaysian Orthopedic Journal. 
2016;10(1):44-49. 
26. Griffith A.T. Therapist’s management of the stiff elbow. 
Rehabilitation of the hand and upper extremity. Mosby, St. Louis 
London Philadelphia Sydney Toronto,2002. 
27. Or O, Weil Y, Simanovsky N, Panski A, Solaman V. The outcome 
of early revision of mal aligned pediatric supracondylar 
humerus fractures. Injury;46 : 1585-90.  
28. Mitchelson AJ, Illingworth KD, Robinson BS, Elnimeiry KA, 
Wilson CJ, Markwell SJ,Gabriel KR, McGinty J, Saleh KJ. 
Orthopedics. 2013;36(6):700-06. 
29. RamjiLalSahu.Percutaneous K-wire fixation in pediatric 
Supracondylar fractures of humerus: A retrospective study. 
Niger Med J. 2013;54(5):329–34. 
30. Khan J, Ahmed R,Batool K, Hussain M. Are radiographs 
necessary before kirschner wire removal in supracondylar 
fracture of humerus in children? JRMC. 2016;20(3):188-92. 
31. Mangwani J, Nadarajah R, Paterson JMH. Supracondylar 
humeral fractures in children. The Bone and Joint Journal. 
2006;88(3):362-365.  
32. Dost A, Yilmaz B, Kömür B, Mutlu S. Middle and long term 
radiologic and functional results of childhood supracondylar 
humeral fractures operated in first 24 hours with limited medial 
approach. JPMA.2016; 66(4):52-54. 
33. Farnsworth CL, Silva PD, Mubarak SJ.Etiology of supracondylar 
humerus fractures. Journal of Pediatric Orthopaedics.1998 ; 
18(1) : 38-42. 
34. Devnani AS. Late presentation of supracondylar fracture of the 
humerus in children. ClinOrthop. 2005 ; 431 :36-41.  
35. Waikhom S, Mukherjee S, Ibomcha I, Digendrea A. Delayed 
open reduction and K wire fixation of widely displaced 
supracondylar fractures of humerus in children. Journal of 
Clinical and Diagnostic Research.2016 ; 10(8) : 6-10. 
36. Song KS, Kang CH, Bin MW. Closed reduction and internal 
fixation of displaced unstable lateral condylar fractures of e 
humerus. J Bone Joint Surg Am.2008 ; 90 : 2673-81.  
37. Yildrim A, Unal V, Oken O, Gulcek M. Timing of surgical 
treatment for type III supracondylar humerus fractures in 
pediatric patients. J Child Orthop. 2009; 3(4): 265-69. 
38. Otsuka NJ, Kasser JR. Supracondylar fractures of the humerus in 
children. J Am AcadOrthop Surg. 1997; 5(1): 19-26. 
39. Walmsley PJ, Kelly MB, Robo JE, Annan IH. Delay increases the 
need for open reduction of type III supracondylar fractures of 
the humerus. J Bone Joint Surg Br. 2006; 88(4): 528- 
30. 
40. Ozgur AY, Sema VU, Fuad OO. Timing of surgical treatment for 
type III supracondylar humerus fractures in pediatric patients. J 
Child Orthop. 2009; 3(4): 265–69.  
41. Cramer KE, Devito DP, Green NE. Comparison of closed 
reduction and percutaneous pinning versus open reduction and 
percutaneous pinning in displaced supracondylar fractures of 
humerus . J Orthop Trauma. 1992; 6: 407-12. 
42. Peters CL, Scott SM, Stevens PM. Closed reduction and 
percutaneous pinning of displaced supracondylar humerus 
fractures in children. J Orthop Trauma. 1995; 9 : 430-34. 
43. Danielsson L and Petterson H. Open reduction and pin fixation 
of severely displaced supracondylar fracture of the humerus in 
children. ActaOrthop Scand. 1980; 51: 249-255. 
44. Walloe A, Eung N, Eikelund L. Supracondylar fractures of the 
humerus in children: review of closed and open reduction . 
Injury. 1985; 16:296-99. 
45. Dhillon KS, Sengupta S, Singh BJ. Delayed management of 
fractures of the lateral humeral condyle in children. ActaOrthop 
Scand. 1988;59:419-24. 
46. . Parmaksizoglu  AS, FuatBilgili UOF,  Sayan E. Closed reduction 
of the pediatric supracondylar humerus fractures: the “joystick” 
method. Arch Orthop Trauma Surg. 2009. 129:1225– 
1231. 
47. Gowda P.M and Mohammad N. Study of supracondylar fractures 
of humerus in children by open reduction & internal fixation. 
Indian ClinPract. 2014; 25(6): 572-76.  
48. Lieber J, Zundel SM, Luithle T, Fuschs J, Kirschner HJ. Acute 
traumatic posterior elbow dislocation in children. J 
PediatrOrthop. 2012; 21(8) : 478-81. 
49. Reed MW and Reed DN. Acute ulnar nerve entrapment after 
closed reduction of a posterior fracture dislocation of the elbow. 
Pediatr Emerg Care.2012 ;28(6) : 570-72. 
50. Mader K, Koslowsky TC, Gausegohl T. Mechanical distraction for 
the treatment of post traumatic stiffness of the elbow in children 
and adolescents. J Bone Joint Surg. 2007;89(1):26- 
35. 
51. Din S, Shahab F, Rehman K, Hussain K. Supracondylar humeral 
fracture in children: management by percutaneous lateral entry 
pin fixation. JPMI. 2015; 28(1): 103-06. 
52. Wang YL , Chang WN, Hsu CJ. Recovery of elbow range of 
motion after treatment of supracondylar and lateral condylar 
fractures of distal humerus in children. Journal of Orthopedic 
Trauma. 2009;23(2):120-25.  
53. Claude KM. Impact of treatment timing on elbow range of 
motion post pediatric supracondylar humeral fractures. Journal 
of Orthopedic Trauma. 2013;34(1):20-24.  
54. Nash CE, Mickan SM, Del Mar CB. Resting injured limbs delay 
recovery : a systemic review. J Fam Pract. 2004; 53(9): 706-12. 
55. Keppler P, Salem K, Schwarting B. Effectiveness of physiotherapy 
after operative treatment of supracondylar humeral fractures . J 
Pediatr Orthop. 2014; 25(3) : 314-16.  
 
